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(54) Vacuum pump 

(57) The present invention provides a vacuum pump 
in which a damaging torque produced when a rotating 
rotor (6) crashes into the inner wall of a pump case (1) : 
is prevented to transfer to a vacuum chamber (200) so 
as to protect the vacuum chamber. Bolt-holes of flange 
portions (1a) : through which the vacuum pump (100) 
and the vacuum chamber and also the pump case and 
a base member (4) disposed below the pump case are 
fastened, respectively, are formed so as to have larger 
diameters than the^shank diameters of corresponding 
bolts by 20% or more. With this arrangement, when the 
entire vacuum turns moved by the damaging torque, the 
pump case slips relative to Jhe, vacuum chamber and 
the base member iby-Ahe}gaps-. -belweealhe pump case- 
base member fastening bolt-holes and the pump case- 
base member fastening bolts. As a result, the damaging 
torque is absorbed and is prevented to transfer to the 
vacuum chamber. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a vacuum 
pump, such as a turbo-molecular pump : which produce 
a vacuum by using the rotation of its rotor used for a 
semiconductor manufacturing apparatus, an electron 
microscope, a surface analyzing apparatus, a mass 
spectroscope, a particle accelerator, a nuclear fusion 
experiment apparatus 

2. Description of the Related Art ... 

[0002] For example; a prbc'eSs ? such v as'-d^ 
process or chemical vapor deposition (CVD) of semi- 
conductor manufacturing process is required to be per- 
formed in a vacuum environment, and a vacuum pump 
such as a turbo-molecular pump having a high-speed 
rotor is used to produce such a vacuum. 
[0003] As a conventional vacuum pump, for example, 
it is disclosed in Japanese Utility Model Application No. 
Hei.4-52644 (Kokai-publication No.Hei. 6-14491). inthis 
type of vacuum pump, as shown in Fig. 9, a gas suction 
port 2 provided at the top portion of a pump case 1 is in 
communication with an exhaust port 21 of a vacuum 
chamber 200. In this communication structure, a flange 
portion 1a provided around the top periphery of the 
pump case 1 is attached and fixed to the vacuum cham- 
ber 200 with a pump-chamber fastening bolt 30. 
[0004] More particularly, several pump fastening bolt- 
holes 22 are equally 'spaced and formed around the 
chamber exhaust port 21 of the vacuum chamber 200, 
while the flange portion 1 a of the vacuum pump 1 00 is 
formed so as to surround the gas suction port 2 and bolt- 
holes 3 are equally spaced and formed at the flange por- 
tion 1 so as to correspond to several pump fastening 
bolt-holes 22. The pump-chamber fastening bolt 30 is 
inserted and screwed from the lower side of the flange 
portion 1 a into the pump fastening bolt-holes 22 through 
each bolt-holes 3, thereby attaching and fixing the vac- 
uum chamber 200 to the vacuum pump 100. The gap 
between the shank of each fastening bolt 30 and the 
inner wall of the corresponding fastening bolt-hole 3 is 
set in accorda'ncfev&tOT of 
a bolt and a bolt hole For example ' the bolt-hole 3 is 
formed to have a diameter of 11 mm for the shank of the 
bolt 30 having a diameter of 10 mm.. 
[0005] A base member 4j which is separated from the 
pump case 1 , is provided at the lower side of the pump 
case 1 . Similarly to the connecting structure between 
the vacuum pump 100 and the vacuum chamber 200, 
the connecting between the separated base member 4 
and the pump, case 1 are performed by that a flange 
shaped base fastening portion 1b formed at the bottom 
periphery of the pump case 1 is fastened and fixed to 



the separated base member 4 by bolts (not shown). 
[0006] In the vacuum pump 1 00 attached and fixed to 
the vacuum chamber 200, the rotor shaft 5 rotates at 
high speed together with the rotor 6 and the rotor blades 

5 7 when the vacuum pump 100 is in operation. With this 
structure, the interaction between the rotor blades 7 ro- 
tating at high speed and the stator blades 8 and the other 
interaction between the rotor 6 rotating at high speed 
and the screw stator 10 having the screw grooves 10a 

10 cause gas molecules in the vacuum chamber 200 to 
pass through the gas suction port 2 and subsequently 
the pump case 1 , and to be eventually exhausted from 
the pump exhaust port 11. 

[0007] A light alloy is generally used and, in particular, 
15 an aluminum alloy is widely used as the structural ma- 
terial of the rotor 6, the rotor blades 7, the stator blades 
5 and so forth which form the vacuum pump 100, since 
the aluminum alloy is excellent in machining and can be 
precisely processed without difficulty. However, the 
20 hardness of aluminum alloy is relatively low as com- 
pared with other materials used for the structural mate- 
rial, and accordingly aluminum alloy may cause a creep 
fracture depending on the operating condition. Also, a 
brittle fracture may occur mainly caused by a stress con- 
25 centration at the lower portion of the rotor 2, when the 
vacuum pump is in operation. 

[0008] In the conventional vacuum pump 100 having 
the above-described structure, when a brittle fracture 
occurs in the rotor 6 rotating at high-speed, for example, 

30 and a part of the rotor 6 crashes into the screw stator 
1 0, since the screw stator 1 0 has an insufficient strength 
against a shock load caused by this crash, the screw 
stator 1 0 cannot absorb such a shock load and therefore 
radially moves and crashes into a base member 4. Ac- 

35 cordingly, this shock load produces a high rotating 
torque (hereinafter, referred to as "damaging torque") 
which causes the entire vacuum pump to rotate and 
which causes problems in that the entire pump case 1 
is distorted, the fastening bolts 30 fastening the vacuum 

40 pump 100 to the vacuum chamber 200 are broken by 
this distortion torque, and the vacuum chamber 200 is 
broken by the large damaging torque transferred there- 
to. : 

45 SUMMARY OF THE INVENTION 

[0009] The present invention is made to solve the 
above-described problems. Accordingly, it is an object 
of the present invention to provide a^ vacuum pump 

50 which reduces a damaging torque produced and pre- 
vent transferring of the damage torque to the outside 
when a rotor rotating at high-speed crashes into a screw 
stator or the like so as to prevents a vacuum chamber 
or the like from being broken by the damaging torque 

55 transferred to the vacuum chamber or the like. 

[0010] A vacuum pump according to the present in- 
vention comprises: a rotor 6; a pump case 1 surrounding 
the rotor; a flange portion 1 a formed around the top pe- 
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riphery of the pump case; a plurality of pump fastening 
holes 22 provided at a periphery of an exhaust port 21 
of a vacuum chamber 200 facing the upper surface of 
the flange portion; a plurality of vacuum chamber fas- 
tening bolt-holes 3 provided in the flange portion 1a so 
as to correspond to the pump fastening holes 22, said 
vacuum chamber fastening bolt-holes being passed 
through with a pump-chamber fastening bolt 30; a base 
fastening portion 1b formed around the bottom periph- 
ery of the pump case; a base 4 covering the lower side 
of rotor 6 and facing the lower surface of the base fas- 
tening portion 1 b; a plurality of pump case-base member 
fastening holes 17 and 18 provided so as to correspond 
to the base fastening portion 1b and the base 4, respec- 
tively; and a plurality of pump case-base member fas- 
tening bolts 19 for fastening the pump case 1 and the 
base 4 by inserting and screwing into the pump case- 
base member fastening holes 17 and 18: wherein the 
dimensional relationships between, Ihe diameter of each 
bolt-hole and thatof the shank of t^^qr ; re$pondmgibott 
satisfy both or either one of the following conditions (a) 
and (b): 

(a) a vacuum chamber fastening bolt-hole 3 has a 
larger diameter than the shank diameter 30d of the 
corresponding pump-chamber fastening bolt 30 by 
20% or more; and 

(b) a bolt-hole, which is either one of the pump case- 
base member fastening boltrholes 17 and 18 pro- 
vided in the base fastening portion 1b and the base 
4, has a larger diameter than the shank diameter 
1 9d of the corresponding pump case-base member 

. fastening bolt 1 9 by 20% or more. 

[0011] A vacuum pump according to the present in- 
vention further comprises: a rotor 6; a pump case 1 sur- 
rounding the rotor; a flange portion 1a formed around 
the top periphery of the pump case: a plurality of pump 
fastening holes 22 provided at a periphery of an exhaust . 
port 21 of a vacuum chamber 200 facing the upper sur- 
face of the flange portion; a plurality of vacuum chamber 
fastening bolt-holes 3 provided in the flange portion so 
as to correspond to the pump fastening holes 22, said 
vacuum chamber fastening bolt-holes being passed 
through with a pump-chamber fastening bolt 30; a base 
fastening portion 1b formed around the bottom periph- 
ery of the pump case; and a plurality of pump case-base 
member fastening bolts 19 for fastening the pump case 
1 and the base4 by inserting and screwing into the pump 
case-base member fasten ingiboJes ";-l"7 and. 18. wherein 
the positional rdlationsh ips £.eW|^ hing- bolt- 

holes and the corresponding fastening bolt satisfy both 
or either one of the. following conditions (aj and (b): 

(a) when the pump case 1 turns moved by a dam- 
aging torque, the gaps between the pump-chamber 
fastening holts 30 and the corresponding vacuum 
chamber fastening bolt-holes 3 with respect to the 



turning direction of the pump case moved by the 
damaging torque are distributed within the range of 
1 0% of the shank diameter of the bolt; and 
(b) when the pump case turns moved by a damag- 

5 ing torque, the.gaps between the pump case-base 

member fastening bolts 19 and the corresponding 
bolt-holes 17 and 18 with respect to the turning di- 
rection of the pump case moved by the damaging 
torque are distributed to the ranges including the 

10 range of 1 0% of the shank diameter of the bolt. 

[0012] In the vacuum pump according to the present 
invention, the gap between each fastening bolt and the 
corresponding bolt-hole satisfies both or either one of 
is the following conditions (a) and (b): 

(a) a buffer member 50 is inserted into the gap be- 
tween each pump-chamber fastening bolt 30 and 
the corresponding vacuum pump fastening boll- 

20 hole 3; and 

(b) a buffer member 50 is inserted into the gap be- 
tween each pump case-base member fastening bolt 
19 and the corresponding fastening bolt-hole 17 
and 1 8. 

25 

[001 3] With this configuration , the buffer members 50 
absorb the damaging torque. 

[0014] According to the present invention, the fasten- 
ing bolts may satisfy both or either one of the following 
30 conditions (a) and' (b): 

(a) the pump-chamber fastening bolts are reduced 
diameter shank bolts: and 

(b) the pump case-base memberfastening bolts are 
35 reduced diameter shank bolts. 

[0015] With this arrangement, the extending property 
of the reduced diameter shank bolts contributes to re- 
ducing the damaging torque. 
40 [0016] According to the present invention, the fasten- 
ing bolts satisfy both or either one of the following con- 
ditions (a) and (b): 

(a) the pump-chamber fastening bolt 30 is an re- 
duced diameter shank bolt; and 

(b) the pump case-base member fastening bolt 1 9 
is an reduced diameter shank bolt. 

[0017] With this configuration, the characteristic of the 
50 reduced diameter shank bolt contributes to absorbing of . 
damaging torque. 

[0018] " A joint structure of a vacuum pump according 
to the present invention comprises: a plurality of pump 
fastening holes 22 provided at periphery of ah exhaust 
55 port 21 of a vacuum chamber 200; a flange portion 1a 
formed around the top periphery of the pump case 1 , 
which surrounds the rotor 6 of the vacuum pump; a plu- 
rality of vacuum chamber fastening bolt-holes 3 provid- 
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ed in the flange portion 1a so as to correspond to the 
pump fastening holes 22; and a plurality of pump-cham- 
ber fastening bolts 30 for fastening the periphery of the 
exhaust port 21 of a vacuum chamber and the flange 
portion 1a by inserting and screwing into the pump fas- 
tening holes 22 and the pump fastening holes 22, 
wherein either diameter of the pump fastening holes 22 
and the vacuum chamber fastening holes 3 has a larger 
diameter than the shank diameter 30d of the corre- 
sponding pump-chamber fastening bolt 30 by 20% or 
more. 

[0019] A joint structure of a vacuum pump according 
to the present invention comprises: a plurality of pump 
fastening holes 22 provided at periphery of an exhaust 
port 21 of a vacuum chamber 200; a flange portion 1a 
formed around the top periphery of the pump case 1, 
which surrounds the rotor 6 of the vacuum pump; a plu- 
rality of vacuum chamber fastening bolt-holes 3 provid- 
ed in the flange portion 1a so as to correspond to the 
pump fastening holes 22: and a plurality of pump-cham- 
ber fastening bolts 30 for fastening the periphery of the 
exhaust port 21 of a vacuum chamber and the flange 
portion 1a by inserting and screwing into the pump fas- 
tening holes 22 and the pump fastening holes 22, 
wherein when the pump case 1 turns moved by a dam- 
aging torque, the gaps between the pump-chamber fas- 
tening b o Its 30 a nd t h e co f resppnSrna $^uu ni chamber 
fastening bolt-holes 5 with respect WthWiurrVih§ direc- 
tion of the pump case moved by the damaging torque 
are distributed to the ranges including the range of 10% 
of the shank diameter of the bolt. 
[0020] In the joint structure of a vacuum pump accord- 
ing to the present invention, a buffer member 50 is in- 
serted into the gap between each pump-chamber fas- 
tening bolt 30 and the corresponding bolt-hole which is 
either one of the vacuum chamber fastening hole 3 and 
the pump fastening hole 22. With this arrangement, the 
buffer members 50 contribute to absorbing of damaging 
torque. 

[0021] Jnthejoint structure of avacuum pump accord- 
ing to the present invention, the pump-chamber fasten- 
ing bolt 30 is a reduced diameter shank bolt. With this- ' 
arrangement, the extending property of the reducer - di- 
ameter shank bolts the reduced diameter shank bolt 
contributes to absorbing of damaging torque reducing 
the damaging torque. 

[0022] In this description, a hole such as a flange por- 
tion fastening hole, a pump fastening hole or a pump 
case-base member fastening hole means a screw hole 
which engages with the male-threaded portion of corre- 
sponding bolt or a bolt-hole which allows the shank of 
the corresponding bolt to pass therethrough and which 
has a larger diameterthan the shank diameter. Also, fas- 
tening holes are used in the following two combinations: 

(1) a combination of a bolt-hole and a screw hole: 
The male-threaded, portion 9f a bolt passing 
through the : 6'(Mt~ncte fastened 



v to the female-treaded portion of the screw hole. 
(2) a combination of a pair of bolt-holes and a nut: 
The male-threaded portion of a bolt passing 
through the pair of bolt-holes is screwed into and 
5 fastened to the nut. 

[0023] Also, in this present invention, when a bolt has 
a shank between the bolt head and the male-threaded 
portion thereof, a shank diameter of the bolt is defined 
w by the diameter of the shank having no thread thereon, 
and when the bolt has no shank between the bolt head 
and the male-threaded portion thereof, a shank diame- 
ter is defined by the diameter of the crest of the male- 
threaded portion. A shank diameter of a reduced diam- 
15 eter shank bolt is defined by the diameter of its reduced- 
diameter portion. It will be apparent to those skilled in 
the art that bolts include not only strictly defined ones 
but also rod-like screws such as a machine screw. 
[0024] According to the present invention, when the 
20 damaging torque causes the entire vacuum pump to 
turn, the inner surfaces of the bolt-holes closest to the 
outer surfaces of the corresponding pump-chamber fas- 
tening bolts first come into contact with these outer sur- 
faces, and start causing these bolts to be deformed and 
25 broken . Subsequently, the other portion of the inner sur- 
faces of the bolt-holes second closest the outer surfaces 
of the corresponding pump-chamber fastening bolts 
come into contact with these outer surfaces, and start 
causing these bolts to be deformed and broken. Similar 
30 deformations and breaking of the bolts sequentially oc- 
cur contacted by the bolt-holes whose outer surfaces 
are sequentially spaced away from the corresponding 
bolts. During this deformation and breaking process of 
the bolts, the damaging torque is absorbed and also the 
35 peak value of the breaking toque is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0025] 



40 
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Fig. 1 is a vertical sectional view of an embodiment 
of a vacuum pump according to the present inven- 
tion; 

Fig. 2 is a vertical sectional view of another embod- 
iment of a vacuum pump according to the present 
invention; 

Fig. 3 is a partial vertical sectional view of a further 
embodiment according to the present invention; 
Fig. 4 is a partial plan view of a flange portion ac- 
cording to the present invention; 
Figs. 5(a), 5(b), and 5(c) illustrate a process in 
which the flange portion shown in Fig. 4 is shifted 
relative to the chamber when a damaging torque is 
exerted on the flange portion; 
Figs. 6(a) and 6(b) illustrate are fastening bolts and 
bolt-holes of another embodiment according to the 
present invention; 

Fig. 7 is a vertical sectional view of another embod- 
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iment of a vacuum pump according to the present 
invention; . . 

Fig. 8 is a vertical sectional view of further embod- 
iment of a vacuum pump according to the present 
invention; and 

Fig. 9 is a vertical sectional view of a conventional 
vacuum pump. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Preferred embodiments of a vacuum pump ac- 
cording to the present invention" will be described with 
reference to the accompanying drawings. 
[0027] Fig. 1 is a vertical sectional view of an embod- 
iment of a vacuum pump according to the present in- 
vention. A vacuum pump 100 as shown Fig.1 has a cy- 
lindrical rotor 6 rotatably disposed In a cylindrical pump 
case 1 such that the lop end portion of the rotor 6 faces 
a gas suction port 2 disposed at the top of the pump 
case 1 . 

[0028] Pluralities of processed rotor blades 7 and sta- 
ter blades 8 are disposed between the outer circumfer- 
ential surface of the upper part of the rotor 6 and the 
inner wall of the upper part of the pump case 1 such that 
these blades 7 and 8 are alternately disposed in a di- 
rectton along the rotation e'ehteriakis of Ahe'rotor 6-. 
[0029] The rotor blade 7 is integrally formed with the 
rotor 6 and disposed on the outer circumferential sur- 
face of the upper part of the rotor 6 so as to rotate to- 
gether with the rotor 6. On the other hand, the stator 
blade 8 is positioned and arranged between the adja- 
cent upper and lower rotor blades 7 via spacer 1 2, which 
is positioned at upper portion of the inner wall of the 
pump case 1 , and also is secured to the inner wall of the 
pump case 1 via spacer 12. 

[0030] A screw stator 1 0 is disposed so as to face the 
outer circumferential surface 6a of the lower part of the 
rotor 6. The entire screw stator 10 has a cylindrical 
shape so as to surround the outer circumferential sur- 
face of the. lower part of the rotor 6 and is integrally se- 
cured to. a base member 4 provided under the pump 
case 1 . 

[0031 ] I n addition , screw igroove 1 0a is formed on the 
surface of the screw stator 10 so as to face an outer 
circumferential surface 6a of the lower part of the rotor 6. 
[0032] A rotor shaft 5 is integrally fixed lo the rotor 6 
along the rotation center axis of the rotor 6. Although a 
variety of bearing means including magnetic bearings 
and air bearings can be used for rotatably supporting 
the rotor shaft 5, the rotor shaft 5 is rotatably supported 
by magnetic bearings 13 in the figure. Also, Ball bear- 
ings 14, which serve as auxiliary bearings, are used for 
temporarily supporting the rotor shaft 5 when the mag- 
netic bearings 13 do not work-well. The rotor shaft 5 is 
driven to rotate by a drive motor 15: 
[0033] . The. drlVe-motor^ bearings 
1 3 have respective stators^ 



is provided so as to be erected and is fixed to the base 
member 4 inside the rotor 6. 

[0034] In this embodiment, an aluminum alloy is used 
as the material for the base member 4, the rotor 6, the 

5 rotor blade 7, the stator blade 8, and the spacer 1 2. and 
a steel is used as the material for the pump case 1 , the 
rotor shaft 5 and bolts 19 and 30. 
[0035] A gas suction port 2 provided on the pump 
case 1 is connected to an exhaust port 21 of a vacuum 

10 chamber 200 which is to be highly evacuated, while a 
gas exhaust port (not shown in the figure) provided in 
the base member 4 is communicated with the lower 
pressure side. 

[0036] The joint structure between the vacuum cham- 
15 ber 200 and the vacuum pump 100 and that between 
the pump case 1 and the base member 4, which are the 
features of the present invention, will be described in 
further detail. 

[0037] A flange portion 1a. which surrounds the gas 
20 suction port 2 formed around the top periphery of the 
pump case 1 , has a plurality of vacuum chamber fas- 
tening bolt-holes (vacuum chamber fastening hole) 3. 
The above vacuum chamber fastening bolt-holes 3 are 
provided for being perforated therein by a pump-cham- 
25 ber fastening bolt 30 in the flange portion 1a so as to 
correspond to a plurality of pump fastening hole 22 pro- 
vided at the circumferential side of a exhaust port 21 of 
the vacuum chamber 200, which contacts the upper sur- 
face of the flange portion 1a. In this embodiment, the 
30 pump fastening bolt-hole 22 of the vacuum chamber 200 
is threaded. Thus, the vacuum pump 100 and the vac- 
uum chamber 200 are fastened by inserting and screw- 
ing the pump-chamber fastening bolt 30 into the vacuum 
chamber fastening bolt-holes 3 of the vacuum pump 1 00 
35 from below. 

[0038] In this case, a reduced diameter shank bolt 30 
is used as pump-chamber fastening bolt 30. As is well 
known, the reduced diametershankbolt 30 is composed 
of a bolt head 30b, a. male-threaded portion 30c and a 
40 reduced-diameter portion 30d as a part of a shank be- 
tween the bolt head.30b and the male-threaded portion 
30c, The diameter of the reduced-diameter portion 30d 
is formed so as to be smaller than the root diameter of 
the male-threaded portion 30c such that the reduced- 
45 diameter portion 30d extends and accordingly prevents 
components in the vicinity of the bolt from being dam- 
aged when, an extraordinary load is exerted on the bolt 
30. 

[0039] The reduced diameter shank bolt 30 is 
so screwed into the corresponding pump-chamber fasten- 
ing hole 22 such that the boundary between the re- 
duced-diameter portion 30dandthe male-threaded por- 
tion 30c enters the pump-chamber fastening hole 22 by 
the length of one or two threads of the bolt 30. 
55 [0040] The vacuum chamber fastening bolt-hole 3 is 
formed so as to have a sufficiently large diameter, name- 
ly, a larger diameter than the shank diameter 30d of the 
corresponding pump-chamber fastening bolt 30 to be in- 
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serted into the vacuum chamber fastening bolt-hole 3 
by 20% or more. 

[0041] A similar connecting structure to that between 
the vacuum chamber 200 and the vacuum pump 1 00 is 
adopted to connect the pump case 1 and the base mem- 
ber 4. 

[0042] More particularly, _a .fjanjgershaped base fas- 
tening portion. 1 bijs^Torm^d&round.^he'^ttpm periphery 
of the pump case 1 . The base member 4 contacts the 
lower surface of the base fastening portion 1 b and sur- 
rounds the lower part of a rotating body including the 
rotor 6 disposed in the pump case 1 . 
[0043] The base fastening portion 1b and the base 
member 4 have pluralities of pump case-base member 
fastening holes 1 7 and 1 8 formed therein, used for fas- 
tening the pump case 1 to the base member 4, so as to 
correspond to each other. Thus, the pump case 1 and 
the base member 4 are lastened by inserting and screw- 
ing pump case-base member fastening bolts (reduced 
diameter shank bolts) 1 9. In this embodiment, the pump 
case-base member fastening holes 1 7 of a base fasten- 
ing portion 1b is formed to be a bolt-hole and the pump 
case-base member fastening hole 1 8 of the base 4 is a 
threaded hole, thereby making the vacuum pump 100 
compact and allowing the pump case 1 and the base 
member 4 to be easily assembled together. 
[0044] Instead of the above-described configuration, 
the holes 3 and 22 may be a threaded hole and a bolt- 
hole, respectively, as shown in Fig. 6(a). Alternatively, 
as shown in Fig. 6(b), both the holes 3 and 22 may be 
bolt-holes. In this case, the vacuum pump 1 00 and the 
vacuum chamber 200 are fastened by inserting the 
pump-chamber fastening bolts 30 into the holes 3 and 
22 such that a part of each bolt 30 protrudes from the 
corresponding bolt-hole 3 and by tightening nut 31 on 
the protruding parts of the fastening bolt 30. The same 
applies to the fastening structure of the pump case 1 
and the base member 4;by; : usiHg%e^ holes 17 and 18, 
the pump case-base ^ aWthe 
nut 31 . When the nuts St are used, either ^ne group of 
the bolt-holes 3 and 22' or either one group of the bolt- 
holes 1 7 and '1 8 are not required to h&ve particularly 
large diameters and accordingly may have standard di- 
ameters. 

[0045] Even when the reduced diameter shank bolt is 
not used as the pump-chamber fastening bolt 30 or the 
pump case-base member fastening boll 1 9, that is, even 
when a standard bolt having a shank whose diameter is 
about the same as the diameter of its thread is used, a 
larger one of the bolt-holes 3 and 22 or a larger one of 
the bolt-holes 1 7 and 1 8 is formed so as to have a larger 
diameter, by 20% or more, than the shank 30d of the 
fastening bolt 30 or the shank 19d of the fastening bolt 
19, respectively. 

[0046] Subsequently, an absorption process of a 
damaging torque produced in the vacuum pump 100, 
shown in Fig. 1, having the above-described structure 
will be described. When the rotor 6 rotating at high 



speed is broken by any problems during the vacuum 
pump 100 is in operation, a large torque which causes 
the entire vacuum pump 100 to rotate is produced and 
exerted on the pump case 1 and the base member 4. 

5 [0047] Since the pump case 1 is connected to the 
large vacuum chamber 200, a large shearing force is 
exerted on the pump-chamber fastening bolts 30 con- 
necting the vacuum chamber 200 to the pump case 1 
on which the damaging torque is exerted. The base 

to member 4 connected to the pump case 1 hangs down 
therefrom. Since the broken rotor 6 or the like is less 
likely to crash into the base member 4 than the pump 
case 1 , the base member 4 is exerted a small damaging 
torque directly from the broken rotor 6 or the like and, 

15 instead, receives a large damaging torque directly from 
the pump case 1 . In other words, a large shearing force 
is exerted also on the pump case-base member fasten- 
ing bolts 19 connecting the pump case 1 to the base 
member 4. 

20 [0048] According to the above described embodi- 
ment, the damaging torque causing the pump-chamber 
fastening bolt 30 and the pump case-base member fas- 
tening bolt 1 9 to be exerted the respective shearing forc- 
es is absorbed and reduced as described below. 
25 [0049] As described above, the bolt-holes 3 and 17 
have larger diameters, by 20% or more, than the shank 
diameters (i.e., the diameters of the reduced-diameter 
portions 30d and 1 9d) of the fastening bolts 30 and 1 9, 
respectively. Thus, each bolt-hole 3 and the correspond- 
so ing bolt 30 as well as each bolt-hole 17 and the corre- 
sponding bolt 1 9 have suff icient gaps therebetween. Ac- 
cordingly, the flange portions 1 a and the base fastening 
portion 1b are allowed to slip relative to the vacuum 
chamber 200 and the base member 4, respectively, by 
35 the lengths corresponding to the respective gaps. Ac- 
cordingly, the damaging torque is absorbed and re- 
duced by these slippages. 

[0050] When the reduced damaging torque still re- 
mains, the shanks of the bolts 30 and 1 9 come into con- 

40 tact with the walls of the bolt-holes 3 and 17, respective- 
ly. With this arrangement, the gaps between the shanks 
-"30d and 15d and the bolt-holes 3 and 17 allow the 
shanks 30d and 1 9d of the bolts 30 and 1 9, respectively, 
to extend and bend, and also, in some cases, be broken. 

45 As a result, since the deformations of the reduced-di- 
ameter portions 30d and 19d absorb most of the dam- 
aging torque, the threaded portions of the threaded por- 
tions 22 and 1 8 are prevented from being deformed. Ac- 
cordingly, these joint structures maintain a state in which 

so the bolts 30 and 1 8 can be removed from the bolt-holes 
3 and 17, respectively, thereby making it easy to disas- 
semble the joint structures when performing repair work. 
[0051 ] Since the large damaging torque is reduced by 
the above-described slippages and the deformations 

55 and thus is prevented from being transferred to the vac- 
uum chamber 200, the vacuum chamber 200 is prevent- 
ed from being broken. 

[0052] In the present invention, it is not indispensable 
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for use of the reduped-diametershank bolts and a similar 
effect can be, obtained by ;us^ bolt when 

the joint structures, are property desighedfThe reduced 
diameter shank bolts may be applied.to either one of the 
joint structures between the vacuum pump 100 and the 
vacuum chamber 200 and between the pump case 1 
and the base member 4 so as to absorb the damaging 
torque by the deformations thereof and to reduce the 
transfer of the damaging torque to not only the vacuum 
chamber 200 but also the base member^. 
[0053] Fig. 2 is another embodiment of the vacuum 
pump according to .the present invention. A vacuum 
pump 100 shown in Fig. 2 is fixed to a pump support 
member 60 at the bottom portion thereof with pump sup- 
port bolt 61 , thereby being supported by a pump support 
member 60. The other structure is the same as that 
shown in Fig. 1 . 

[0054] As shown in Fig. 2 8 since the base member 4 
is fixed to the pump support member 60, when the dam- 
aging torque is exerted on the base member 4. the dam- 
aging torque may cause the pump support bolts 61 to 
bend or to be broken. When the pump support bolt 61 
and other elements in the vicinity of the support bolt 61 
are damaged, necessary disassembling and replacing 
work becomes difficult. However, in the present inven- 
tion, as described in the first embodiment shown in Fig. 
1 . since the damaging torque is absorbed by the defor- 
mations of the pump case-base member fastening bolt 
19, the support bolt 61 and the other elements in the 
vicinity of the bolt 61. are not damaged. 
[0055] As seen from the description concerning the 
embodiments described, above, the/ gap. between the 
bolt and the bolt-hole plays ah imp oharitSble^f or absorb- 
ing the damaging torque. Therefore, improvements of 
the gap structures contribute to absorbing the damaging 
torque more effectively. The improvements of the gap 
structures will be described one by one. 
[0056] Fig. 3 shows a structure in.which a buffer mem- 
ber made of rubber material orthe like, simjlarto O-ring, 
is inserted into a gap between the bolt and the bolt-hole 
as shown in Fig.1 or 2. As shown in Fig. 3, a buffer mem- 
ber 50 is inserted into the gap between the bolt-hole 3 
of the flange portion 1 a and a shank of the pump-cham- 
ber fastening bolt 30. In this case, a spring washer 40 
is fitted into the shank of the bolt 30. 
[0057] When the damaging torque exerted on the 
pump case 1 causes the flange portion 1 a to slip relative 
to the vacuum chamber 200 and the bolt 30 to move 
laterally in the bolt-hole 3, the buffer member 50 is elas- 
tically deformed, thereby resulting in further remarkable 
reduction in the damaging torque. 
[0058] The effect of the buff er members 50 for absorb- 
ing the damaging torque can be applied to not only the 
connecting portion between the vacuum pump 100 and 
. the vacuum, chamber 200 but also that between the 
pump case 1 and the base member 4. 
[0059]. Fig. 4 is a partial plan view of a flange portion 
of further embodiment of the vacuum pump according 




to the present invention. In this case, it is applied to a 
connecting portion between a vacuum chamber and a 
vacuum pump. 

[0060] The flange portion 1 a shown in Fig. 4 has eight 
5 bolt-holes 3 equally spaced therein so as to surround 
the gas suction port 2. Although these bolt holes 3 have 
the same diameter, each bolt-hole 3 is shifted relative 
to the corresponding pump fastening hole 22 (i.e., the 
pump-chamber fastening bolt 30) by a necessary angle 
10 in the circumferential direction of the vacuum pump 1 00. 
In this embodiment, the four bolts 30 at first positions 
P! are placed coaxiaily with the corresponding bolt- 
holes 3, and a middle gap d4 is provided between each 
bolt-hole 3 and the corresponding bolt 30. Also, the two 
15 bolts 30 at second positions P2 are shifted relative to 
the corresponding bolt-holes 3 in a relatively close man- 
ner with respect to a direction shown by the dotted arrow 
indicated in the figure, and a small gap d5 is provided 
between each boll-hole 3 and the rear side of the cor- 
20 responding bolt 30 when viewed from the direction 
shown by the arrow. In addition, the remaining two bolt- 
holes 30 at third positions P3 are shifted in a relatively 
spaced-out manner, and a large gap d6 is provided be- 
tween each bolt-hole 3 and the rear side of the corre- 
25 sponding bolt 30. 

[0061] The above gaps d4 : d5 and d6 which are pro- 
vided between the bolts and the corresponding bolt- 
. holes and by which the bolts and the corresponding bolt- 
holes relatively come close to each other are set to be 
30 10%, 15%, and 5% of the shanks of the corresponding 
bolts in Fig.4. The gap d4 equivalent to 1 0% of the shank 
diameter corresponds to a case in which, as shown in 
Fig. 1 , the bolt-hole 3 or 17 has a larger diameter, by 
20% or more, than the shank diameter of the bolt 30 or 
35 19, respectively. 

[0062] Although the level of variations in these gaps 
is appropriate, the present invention is not limited to the 
three values of gaps as shown in Fig. 4. The practical 
. minimum gap is about 0.5 mm, which is the average gap 
40 between the standard bolt and bolt-hole having, for ex- 
ample, diameters of 10. mm and 11 mm, respectively. A 
considerably large maximum, gap is possible for elon- 
gated holes or the like formed along the circumferential 
periphery of the pump case 1 . In any cases, the distrib- 
45 uted distance (gap) of. the shank diameter of the bolt 
preferably falls within the range including the range of 
10% of the shank diameter of the boll so that the dam- 
aging torque is effectively absorbed. 
[0063] According to the embodiment shown in Fig. 4, 
so since the gaps d4, d5 and d6 between the bolts and the 
corresponding bolt-holes are different from each other, 
the timing of the bolts, having the gaps d4, d5 and d6, 
coming into contact with the corresponding bolt-holes 
and starting their deformations is delayed by the differ- 
55 ences in the gaps from each other. 

[0064] The shifting of timing of deformation in the em- 
bodiment shown in Fig. 4 will be explained with refer- 
ence to Fig. 5. 
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[0065] Fig. 5(a) illustrates a normal assembled state. 
[0066] Fig. 5(b) illustrates a state in which the dam- 
aging torque is exerted on the flange portion 1a of the 
vacuum pump in the direction shown by the arrow indi- 
cated in the figure, the flange portion 1a slips rightward 
in the figure, and then the shank of the pump-chamber 
fastening bolt 30 at the second bolt position P2 abuts 
against the inner wall c1 of the corresponding flange 
portion fastening bolt-hole 3. During this process, the 
damaging torque is absorbed by the slippage of the 
flange portion 1a relative to the vacuum chamber 200. 
[0067] Fig. 5(c) illustrates another state in which the 
remaining damaging torque causes the bolt 30 at the 
bolt position P2 to be deformed and then the shank of 
the pump-chamber fastening bolt 30 at the first bolt po- 
sition P1 to abut against the inner wall c2 of the corre- 
sponding vacuum chamber fastening bolt-hole 3. During 
this process, the damaging torque is further absorbed 
by the slippage of the flange portion 1 a relative to the 
vacuum chamber 200 and also by the deformation of 
the bolt 30 at P1 and P2 of the first and second bolt po- 
sition P2, respectively, . 

[0068] When the braking torque is not completely ab- 
sorbed, the bolt 30 at the first bolt position P1 also starts 
its deformation, and the shank of the pump-chamber 
fastening bolt 30 at the bolt position P3 abuts against 
the inner wall of the corresponding flange portion fas- 
tening bolt-hole 3. During this process, the remaining 
damaging torque is still further absorbed by the slippage 
of the flange portion 1 a relative to the vacuum chamber 
200, and also by the deformations of the bolts 30 at the 
first and second bolt positions P1 and P2. 
[0069] As described above, in the joint structure 
shown in Figs. 4, and 5(a) to 5(c) : the gaps between the 
shanks of the bolts and the inner walls of the bolt-holes 
are intentionally arranged to distribute to any range so 
that the damaging torque is slowly absorbed at respec- 
tive fastening portions of the bolts and the bolt holes in 
a time sequential manner when the pump case 1 slips 
relative to the vacuum chamber 200 and the base mem- 
ber 4. As a result, the damaging torque has a reduced 
peak valuerand accordingly a large shock load may be 
avoided. ' 

[0070] The method for intentionally arranging the 
gaps to distribute to any range is not limited to those 
illustrated in Figs. 4, and 5(a) to 5(c). For example, the 
gaps can be intentionally arranged to distribute by form- 
ing the bolt-holes having a plurality of diameters or by 
forming the bolt-holes having a-plurality of shapes. 
[0071 ] The'aboV^ ap- 
plied to not only a vacuum ch amber- vac u urn pump fas- 
tening portion but also pump case-base member fasten- 
ing portion or may be applied to the pump case-base 
member fastening portion only. 

[0072] The present invention can be also achieved by 
a combination of the intentional distribution in the gaps 
between the shanks of the bolt and the inner walls of the 
bolt-holes and the foregoing buffer members inserted in 



the gaps between the bolt-holes and the shanks or by 
another combination of the foregoing intentional distri- 
bution in the gaps and the reduced diameter shank 
bolts. These combinations can be applied to both or ei- 
5 ther one of the vacuum pump-vacuum chamber fasten- 
ing portion and the pump case-base member fastening 
portion. 

[0073] Fig. 7 is another embodiment of a vacuum 
pump in which volt-hole having a larger diameter than 
10 shank of fastening volt by 20 % or more is provided at 
the vacuum pump-vacuum chamber fastening portion 
and a reduced diameter shank bolt is used as fastening 
bolt, while a combination of standard volt-hole and volt 
is used for the pump case-base member fastening por- 
ts tion. The other configuration of the vacuum pump is the 
same as that shown in Fig. 1 . 

[0074] By applying one of joint structures, which will 
be described below, only to the vacuum pump-vacuum 
chamber fastening portion, the damaging torque is ab- 
20 sorbed by the deformation or partial breaking of the fas- 
tening portion, thereby preventing the damaging torque 
from being transferred to the vacuum chamber 200 and 
the vacuum pump from being detached from the vacu- 
um chamber 200. That is, the joint structures include (1 ) 
25 a structure in which each bolt-hole has a larger diameter 
than the shank diameter of a bolt by 20% or more, (2) a 
structure in which positions of the bolt-holes are shifted 
relative to the bolts, (3) a structure in which the foregoing 
structure (1) is combined with a buffer member, (4) a 
30 structure in the foregoing structure (2) is combined with 
a buffer member, (5) a structure in which the reduced 
diameter shank bolt is used in the foregoing structure 
(1), (6) a structure in which a reduced diameter shank 
bolt is used in the foregoing structure (2). 
35 [0075] Fig. 8 is further embodiment of a vacuum pump 
in which volt-hole having a larger diameter than shank 
of fastening volt by 20 % or more is provided at the pump 
case-base member fastening portion and a reduced di- 
ameter shank bolt is used as fastening bolt, while a com- 
40 bination of standard volt-hole and volt is used for the 
pump case-base member fastening portion. The other 
configuration of the vacuum pump is the same as that 
shown in Fig. 2. 

[0076] By applying one of the foregoing joint struc- 
45 tures including (1) to (6) only to the pump case-base 
member fastening portion, the pump case 1 is broken 
earlier and the base member 4 tends to remain unbro- 
ken. Accordingly, the damaging torque is absorbed by 
the deformations or partial breaking of the fastening por- 
so tion , thereby preventing the damaging torque from being 
transferred to the vacuum chamber 200 and the pump 
130 from being detached from the vacuum chamber 
200. 

[0077] As described above, each gap between the 
55 flange portion fastening bolt-hole and the corresponding 
pump-chamber fastening bolt or each gap between the 
lower-flange portion fastening bolt-hole and the corre- 
sponding pump case-base member fastening bolt is ar- 
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ranged so as to have a larger diameter than the shank 
diameter by 20% or more, or the gaps between the bolts 
and the rear sides of the corresponding bolt-holes with 
respect to the turning direction of the pump case moved 
by the damaging torque are arranged so. as to distribute 
to the range including the- range of 10% of the shank 
diameter of the boj^ With jthisfc^ 
tie fracture occurs in the rotor rotating at tiigh- speed and 
thus a damaging torque causing the entire vacuum 
pump to turn is produced; the pump case of. the vacuum 
pump which is directly subjectedto the damaging torque 
slips relative to the vacuum chamber and the base mem- 
ber by the gaps between the bolts and the correspond- 
ing bolt-holes, accordingly causing the damaging torque 
to be absorbed and reduced, and thereby preventing the 
damaging torque from being transferred to the chamber 
and so forth. 

[0078] When the buffer member is inserted into the 
foregoing gap. the damaging torque is more remarkably 
reduced by elastic deformation of the buffer member. 
[0079] When the reduced diameter shank bolt is used 
as the foregoing fastening bolt, the damaging torque is 
more remarkably reduced by deformation of the re- 
duced diameter shank bolt deformed by the damaging 
torque. 

Claims 

1 . A vacuum pump comprising: 
a rotor (6); 

a pump case (1) surrounding the rotor; 
a flange portion (1a) formed around the top pe- 
riphery of the pump case; 
a plurality of pump.fastening holes (22) provid- 
ed at a periphery of an exhaust port (21) of a 
vacuurri chamb^r:(200)^a'ctiigj J the upper sur- 
face of the flange portion; 
a plurality, of vacuum chamber fastening bolt- 
holes (3) provided in the flange. portion (1a) so 
as to correspond to the pump fastening holes 
(22), said vacuum chamber fastening bolt- 
holes being passed through with a pump-cham- 
ber fastening bolt (30); 

a base fastening portion (1b) formed aroundthe 
bottom periphery of the pump case; 
a base member (4) covering the lower side of 
rotor (6)and facing the lower surface of the 
base fastening portion (1 b); ; 
a plurality of pump case-base member fasten- 
ing holes (1 7, 1 8) provided so as to correspond 
to the base fastening portion (1b) and the base 
(4), respectively; and 

a plurality of pump case-base member fasten- 
ing bolts (19) for fastening the pump case (1) 
and the base (4) by inserting and screwing into 
the pump case-base member fastening holes 



(17, 18): 

wherein the dimensional relationships be- 
tween the diameter of each bolt-hole and that of the 
5 shank of the corresponding bolt satisfy both.or ei- 

ther one of the following conditions (a) and (b): 

(a) a vacuum chamber fastening bolt-hole (3) 
has a larger diameter than the shank diameter 

10 (30d) of the corresponding pump-chamber fas- 

tening bolt (30) by 20% or more; and 

(b) a bolt-hole, which is either one of the pump 
case-base member fastening bolt-holes 
(17,18) provided in the base fastening portion 

15 (1b) and the base (4), has a larger diameter 

than the shank diameter (19d) of the corre- 
sponding pump case-base member fastening 
bolt (1 9) by 20% or more. 

20 2. A vacuum pump comprising: 

a rotor (6); 

a pump case (1 ) surrounding the rotor: 

a flange portion (1 a) formed around the top pe- 

25 riphery of the pump case; 

a plurality of pump fastening holes (22) provid- 
ed at a periphery of an exhaust port (21 ) of a 
vacuum chamber (200) facing the upper sur- 
face of the flange portion; 

30 r a plurality of vacuum chamber fastening bolt- 

holes (3) provided in the flange portion so as to 
correspond to the pump fastening holes (22), 
said vacuum chamber fastening bolt-holes be- 
ing passed through with a pump-chamber fas- 

35 teningbolt(30); 

a base fastening portion (1 b) formed around the 
bottom periphery of the pump case; and 
a plurality of pump case-base member fasten- 
ing bolts (19) for fastening the pump case (1) 

40 . and the base (4) by inserting and screwing into 

the pump case-base member fastening holes 
(17,18): 

wherein the positional relationships between 
.45 the fastening bolt-holes and the corresponding fas- 
tening bolt satisfy both or either one of the following 
conditions (a) and (b): 

(a) when the pump case (1) turns moved by a 
50 damaging torque, the gaps between the pump- 
chamber fastening bolts (30) and the corre- 
sponding vacuum chamber fastening bolt- 
holes (3) with respect to the turning direction of 
the pump case moved by the damaging torque 

55 are distributed to the range including the range 

of 10% of the shank diameter of the bolt; and 

(b) when the pump case turns moved by a dam- 
aging, torque, the gaps between the pump case- 
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base member fastening bolts (1 9) and the cor- 
responding bolt-holes (17, 18) with respect to 
the turning direction of the pump case moved 
by the damaging torque are distributed to the 
range including the range of 10% of the shank 5 
diameter of the bolt. 

The vacuum pump accordingto Claim 1 or 2, where- 
in a gap between each fastening bolt and the cor- 
responding bolt-hole satisfies both or either one of io 
the following conditions (a) and (b): 



(a) a buffer member (50) is inserted into the gap 
between each pump-chamber fastening bolt 
(30) and the corresponding vacuum pump fas- 
tening bolt-hole (3): and 

(b) a buffer member (50) is inserted into the gap 
between each pump case-base member fas- 
tening boll (19) and the corresponding fasten- 
ing bolt-hole (17, 18). 



15 



20 



The vacuum pump according to Claim 1 or 2, where- 
in the fastening bolts satisfy both or either one of 
the following conditions (a) and (b): 

(a) the pump-chamber fastening bolt (30) is an 
reduced diameter shank bolt; and 

(b) the pump case-base member fastening bolt 
(19) is an reduced diameter shank bolt. 

joint structure of a vacuum pump, comprising: 

a plurality of pump fastening holes (22) provid- 
ed at periphery of an exhaust port (21) of a vac- 
uum chamber (200); 

a flange portion (1a) formed around the top pe- 
riphery of the pump case (1), which surrounds 
the rotor (6) of the vacuum pump; 
a plurality of vacuum chamber fastening bolt- 
holes (3) provided in the flange portion (1a) so 
as to correspond to the pump fastening holes 
(22); and 

a plurality of pump-chamber fastening bolts 
(30) for fastening the periphery of the exhaust 
port (21) of. a vacuum chamber and the flange 
portion (1a) by inserting and screwing into the 
pump fastening holes (22) and the pump fas- 
tening holes (22), 



25 
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35 



40 
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ed at periphery of an exhaust port (21 ) of a vac- 
uum chamber (200); 

a flange portion (1 a) formed around the top pe- 
riphery of the pump case (1) 5 which surrounds 
the rotor (6) of the vacuum pump: 
a plurality of vacuum chamber fastening bolt- 
holes (3) provided in the flange portion (1a) so 
as to correspond to the pump fastening holes 
(22): and 

a plurality of pump-chamber fastening bolts 
(30) for fastening the periphery of the exhaust 
port (21) of a vacuum chamber and the flange 
portion (1a) by inserting and screwing into the 
pump fastening holes (22) and the pump fas- 
tening holes (22) : 

wherein when the pump case (1) turns moved 
by a damaging torque, the gaps between the pump- 
chamber fastening bolls (30) and the corresponding 
vacuum chamber fastening bolt-holes (3) with re- 
spect to the turning direction of the pump case 
moved by the damaging torque are distributed to 
the ranges including the range of 1 0% of the shank 
diameter of the bolt. 

The joint structure of a vacuum pump according to 
Claim 5 or 6, wherein a buffer member (50) is in- 
serted into the gap between each pump-chamber 
fastening bolt (30) and the corresponding bolt-hole 
which is either one of the vacuum chamber fasten- 
ing hole (3) and the pump fastening hole (22). 

The joint structure of a vacuum pump according to 
Claim 5 or 6. wherein the pump-chamber fastening 
bolt (30) is a reduced diameter shank bolt. 



wherein either diameter of the pump fastening 
holes (22) andthe vacuum chamber fastening holes 
(3) has a larger diameter than the shank diameter 
(30d) of the corresponding pump-chamber fasten- 
ing bolt (30) by 20% or more. 

a joint structure of a vacuum pump, comprising: 



50 



55 



a plurality of pump fastening holes (22) provid- 
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The Search Division considers thai the present European patent application does not comply with the 
requirements of unity o1 invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1,3,4,5,7,8 

A joint structure of a vacuum pump and a vacuum pump, 
wherein the diameter of the pump and vacuum chamber 
fastening holes is larger by 20% or more than the 
corresponding fastening bolt shank diameter. 



2. Claims: 2,3,4,6,7,8 

A joint structure of a vacuum pump and a vacuum pump, 
wherein when the pump case is rotated by a damaging torque, 
the gaps between the fastening bolts and the corresponding 
vacuum chamber bolt holes are distributed in a precise 
manner. 
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